Mycobacterium avium complex (MAC) species cannot be discriminated by the usual methods of biochemical identification of mycobacteria. This study showed that amplification by PCR of DT1 and DT6, two single copy sequences identified in the genome of M. avium serotype 2, the insertion sequence IS1245, found to be consistently present in M. avium strains and the heat-shock protein gene hsp65, followed by restriction polymorphism analysis, are rapid and accurate tests for the differentiation of the species M. avium, M. intracellulare, and M. scrofulaceum.
Infections caused by Mycobacterium avium complex (MAC) were infrequent in the pre-HIV era, appearing in patients with preexisting lung conditions (6) . The importance of these mycobacteria, particularly of M. avium, increased in the last years due to its role as opportunist and cause of disseminated infections in patients with AIDS (9, 18) . In a study with 125 bone marrow aspirates from AIDS patients in São Paulo, Brazil, conducted between 1990 and 1992, MAC was isolated from 23 samples (18.4%) and Mycobacterium tuberculosis from 9 (7.2%). Between 1985 and 1990, only 11 MAC positive cultures were isolated among 60,000 cultures from HIV-negative patients in São Paulo (2) . These findings suggest that MAC is an important opportunist in Brazil, specially among AIDS patients.
Further evaluation of the possible reservoirs for MAC infection in humans are needed, and the development of molecular methods for the determination of strain relatedness will certainly improve the epidemiological studies of M. aviumrelated infections.
The precise diferentiation of MAC species is a fundamental step in epidemiological studies. MAC consists of a group of 28 serovars including two closely related species, M. avium and M. intracellulare and this designation may also include other less defined groups. These bacteria have also been referred as M.avium-M.intracellulare complex. The usual methods for identifying Mycobacterium species based on bacteriological characteristics and biochemical tests may not be accurate for the phenotypic differentiation of the these species and most laboratories report strains as members of MAC. Although the term MAC is reserved for groups of clinical isolates that normally do not include M. scrofulaceum, similar plasmids can be found in strains referred to as M. avium, M. intracellulare and M. scrofulaceum. This group is known as MAIS or as M. avium-M. intracellulare-M. scrofulaceum complex (4) .
Differentiation can be achieved by serotype determination (7, 15) , but this methodology is applied in few reference laboratories. The commercial AccuProbe Culture Identification Test (Gen-Probe Inc., San Diego, Ca) is a sensitive and specific method and is now used by many clinical laboratories. Nevertheless, besides being an expensive test, it has been reported that many isolates do not react with these probes (5) . The 16S rRNA sequencing has been particularly helpful in clarifying the complex taxonomical status of the members of the M.avium-M.intracellulare complex. (12, 13) . Unfortunately, this methodology remains relatively cumbersome, with application limited to reference laboratories.
PCR could be a useful alternative for the identification of MAC species in the clinical laboratory and also for epidemiological and taxonomical studies. Several methods for the differentiation of members of MAC have been reported. DT1 and DT6 are single copy sequences identified in the genome of M. avium serotype 2 (17) . Positive amplification of DT6 with primers AV6/AV7 has been obtained with M.avium strains, and DT1 has been amplified with primers IN38/IN41 in M. intracellulare strains. The insertion sequence IS1245 was found to be consistently present in M. avium strains and has been used for analysis of strain relatedness (3, 8, 11) . The procedure called polymorphism restriction analysis (PRA), based on the enzymatic amplification of the hsp65 gene followed by digestion with BstEII and HaeIII was developed by Telenti et al. (16) . The authors identified 29 mycobacterial species and subspecies, including members of MAC. In this study we compared these three different PCR techniques in eighteen isolates, identified as MAC by biochemical methods (10) ( Table 2) .
A loopfull of mycobacteria grown on solid medium (Lowenstein-Jensen, Stonebrink, or Petragnani) was suspended in 0.4 ml of TE (TrisHCl pH 7.4 10mM, EDTA 1mM) with 1% Triton X-100 and was submitted to three cycles of freezing and thawing. Five to ten microliters of the lysates were used for the PCR reactions. DT1/DT6 PCR was performed as described by Thierry et al. (17) , IS1245 amplification was described by Guerrero et al. (8) , and the PRA reaction was performed as described by Telenti et al. (16) Primers and PCR conditions are described in Table 1 . The positive control for the PCR was purified DNA of M. avium serotype 2 (ATCC 25291). Positive and negative controls were included in all assays. PCR amplicons and digestion products were electrophoresed through 1% agarose (Gibco) or 2% NuSieve (FMC Bioproducts)/2% agarose gels, respectively. The gels were stained with ethidium bromide (Sigma) and photographed on a UV transilluminator. PCR results were compared and a genetic identification was obtained.
Positive amplification with the DT6 primers was obtained from 13 out of 18 strains: ten human and animal isolates identified as MAC, two reference M. avium strains (number 3 and 12) and the strain serotype VIII (number 16) identified previously as M. intracellulare. With the DT1 primers, amplification was positive in 4 out of 18 strains: one animal isolate biochemically identified as MAC (number 11), two isolates representing the same reference M. intracellulare strain, before and after passage through animal (mouse) (number 13 and 14) and one reference M. avium/intracellulare strain (number 18) (Fig. 1) . One strain biochemically identified as M. intracellulare (number 15) and M. scrofulaceum (number 17) did not amplify with either pair of primers. Therefore, the genetic identification of these two strains could not be obtained solely by this approach. Amplification with both pairs of primers was obtained from a MAC isolate from a zoo bird (number 11) and from the positive control, ATCC 25291. According to the group that sequenced the DT1 and DT6 fragments, strains amplifying with both pairs of primers could represent M. avium serotype 2 or 3 (17) . Comparing the results of DT1 and DT6 amplifications, species identification could be obtained in 16 out of 18 strains (Table 2) .
Amplification with the IS1245 primers was positive in all clinical isolates identified biochemically as MAC and the reference M.avium strains (D4, 20485 and ATCC25291) (Fig. 1) . DNA from strain serotype VIII, previously identified as M. intracellulare (number 16), amplified with these primers. It also amplified with the DT6 primers, as has been shown above. Serotype VIII was identified as M. intracellulare before the DNA-DNA hybridization studies were performed (7, 15) . After that it has been identified as M. avium (1, 14) . The results obtained in this study agree with this last identification. All strains were amplified by the hsp65 gene primers. The bands obtained after BstEII and HaeIII enzymatic digestions were analysed using the Molecular Analyst Software (BioRad). The patterns were specific for M. avium, M. intracellulare and M. scrofulaceum and species discrimination could be easily performed by visual inspection (Fig. 1) .
The combined analysis of the three PCR protocols and comparison to the biochemical identification showed that PCR is a useful method for the identification of species belonging to MAC. Better results were obtained by combining different amplification methods or by the PRA method. PCR is simple, rapid and easily performed in multiple samples. It can be a useful tool in epidemiological medical and veterinarian studies. This identification approach could not only give important insights for the control of infections caused by these bacteria, but also would help to clarify the complex taxonomical status of their members.
RESUMO Identificação molecular de membros do complexo Mycobacterium avium
A identificação bioquímica de micobactérias não permite a discriminação das espécies do complexo Mycobacterium avium (MAC). Este estudo mostrou que a amplificação por PCR de DT1 e DT6, duas sequências de cópia única identificadas no genoma de M. avium sorotipo 2, da sequência de inserção IS1245, encontrada consistentemente em cepas de M. avium e de um fragmento do gene da proteína de choque térmico hsp65, seguida da análise do polimorfismo de restrição, são testes rápidos e acurados para a diferenciação das espécies M. avium, M. intracellulare e M. scrofulaceum.
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